Background: The analysis of immediate and long-term results of mitral valvoplasty by balloon catheter (MVRBC) are still lacking in literature, mainly in the national context.
Introduction
Since the introduction of balloon dilatation technique in mitral stenosis, in 1984 1 , the mitral valvuloplasty by balloon catheter (MVBC) has showed to be an effective treatment for mitral stenosis in selected patients. The possibility of its accomplishment, even in situation with high surgical risk, as avoiding the complications intrinsic to the couple thoracotomy/extracorporeal circulation, has made MVBC a therapeutic option concerning surgical treatment. Reduction of hospitalization period, reduction of hospital costs and low mortality are other advantages that made this method extremely attractive and alternative to surgery. After the procedure, the immediate improvement of the valvar area and the survival without medium and long-term events [2] [3] [4] are comparable to the surgical commissurotomy 5, 6 . Many factors have been suggested as determinants of late MVBC success, including: age, morphological aspects, cardiac rhythm, cardiac debt, mitral valve area (MVA) and experience of the intervention center [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . However, there are still uncertainties with regard to these variables' predictive power, for the results are not homogeneous and some researchers did not found association of the abovementioned factors with long-term results 7, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Regional differences in the patients' profile may justify the variation of the results in the method used for the morphological analysis of mitral valve and in the technique used for the procedure. The possibility of demonstrating the experience of one single Brazilian center has motivated us to develop an analysis of the evolution at short and long term in patients submitted to MVBC in order to identify the factors related to the immediate or late success of this procedure.
Methods
A total of 330 patients with symptomatic rheumatic mitral stenosis were followed-up after being consecutively submitted to MVBC MVBC and patients with score superior to the ideal, but with high surgical risk, were included in the study. Patients with mitral insufficiency (MI) of grades higher than discrete and carriers of other cardiopathies with surgical indication were excluded from the sample. The study was approved by the Ethics Committee of the institution.
All patients went through a clinical assessment based on history and physical or complementary exams in the following moments: immediately before MVBC (henceforth PRE), after MVBC (henceforth POI) and before hospital discharge, 30 days after hospital discharge, 6 months after MVBC (henceforth PO6M), 12 months after MVBC (henceforth PO12M) and then every 12 months, till the limit of 120 months.
Clinical assessment was performed in all the aforementioned moments and consisted of complete history and physical exam. The functional class and the presence of immediate postoperative complications were particularly quantified according to NYHA, and the events were defined as follows: cardiovascular obit, non-cardiovascular obit, new intervention on mitral valve through surgery or new MVBC. Forty-six patients (13.9%) were clinically reassessed in other institutions and their clinical data were obtained by letter or phone call.
The echocardiograph evaluation was performed in all aforesaid moments, except for the assessment 30 days after hospital discharge. The images obtained from ECO enabled the assessment of the morphological patterns used in the graduation of the valve damage and the quantification of mitral valve reflux grade. The variables taken into account were: morphological study of mitral valve (echocardiograph score), medium mitral transvalvar gradient (G) in mmHg, mitral valve area (MVA) in cm 2 and MI. The mitral valve morphological study was based in semi-quantitative analysis, as established grade 1 (discrete damage) to 4 (severe damage) for mobility, thickness and calcification of the cuspids, as well as the fiberoptic damage of subvalvar system.
The sum of these grades resulted in the total echocardiography score according to the criteria proposed by Wilkins et al 10 .
With continuum Doppler and color flux mapping from the apical window, the best curve of mitral flux velocity was obtained for the MVA calculation and of medium mitral G 20, 21 . Pulsing Doppler and/or color flux mapping were used for the detection and semi-quantitative assessment of MI grade 22 . MVBC was performed exclusively by the same interventionist doctor by means of right-heart catheterization technique and transseptal approach. The single or double-catheter approach was used according to the availability of the material. The double-balloon technique was used in 83 (25.2%) patients. Unifoil, bifoil and trefoil balloons were used in 4 (1.2%), 30 (9.1%) and 8 (2.4%) patients, respectively. The Inoue balloon was used in the remaining 205 patients (62.1%). Hemodynamic measures were made, including left atrium pressure, left ventricle final diastolic pressure, pressure G by mitral valve and cardiac debt (through thermal dissolution) after and before the balloon dilation. Dilation by balloon was repeated till a satisfactory drop in mitral G, improvement of cardiac auscultation, mitral regurgitation appearance or other complications were achieved.
MVA after the procedure, calculated by ECO, superior or equal to 1.5 cm 2 or 50% gain in relation to the measured area before the procedure was considered successful.
During the follow-up, the occurrence of MVA, calculated by ECO, inferior to 1.5 cm 2 or loss of 50% of the initial obtained gain in the first ECO post-procedure (POI) were defined as restenosis.
The necessity of new intervention on the mitral valve (surgery or MVBC) and the occurrence of obit by cardiovascular or non-cardiovascular causes were considered to be the main events.
Statistical analysis
Univariate and multivariate analyses were performed to assess the following factors associated with the procedure success: sex, age, NYHA functional class (II versus III or IV), rhythm (sinus or non-sinus), total echocardiography score (≤ 8 versus < 8), mobility (1 and 2 versus 3 and 4), thickness (1 The predictive factors for restenosis and events in the follow-up of patients were also studied through univariate and multivariate analysis. Besides the variables used in the analysis of success, the measures of MVA and medium mitral G obtained in the ECO performed during POI were included.
To estimate the probability of survival without the occurrence of events combined throughout time, the KaplanMeier method was applied.
The chi-square or Fisher's exact tests were used to compare the qualitative variables, while the Student's t-test was applied in the comparison of quantitative variables.
Through multivariate logistic regression, the probability of success, restenosis and events was correlated to the predetermined variables from univariate analysis.
The significance level applied in the tests was 5%.
Results
Immediate MVBC was considered successful in 305 patients (92.4%). Technical difficulties occurred in seven patients and in the others the obtained MVA did not reach the success criteria. MVA increased from 1.00 ± 0.23 cm 2 to 2.03 ± 0.41 cm 2 after MVBC (p<0.001). Following this findingm médium transmitral G decreased from 12 ± 5 mmHg to 5 ± 3 mmHg (p<0.001). After the procedure, MI was considered absent in 171 patients, discrete-grade in 106 patients, moderate in 38 patients and severe in 15 patients. Other complications related to the procedure occurred in 14 (4.2%) patients, as 9 (2.7%) patients presented cardiac tamponing, 4 (1.2%) patients presented embolism in the central nervous system, and one presented (0.3%) peripheral embolism.
The results of the univariate analysis for the predictive factors for success are presented in Table 2 . Mean age of patients that had successful procedure was significantly lower (p=0.001). The following factors were considered predictive of success for MVBC: less subvalvar system fiberoptic damage (p=0.002), less thickness (p=0.019) and more valvar cuspids mobility (p=0.034), as well as total echocardiograph score inferior to 8 (p<0.001).
Through the multivariate analysis, only echocardiograph score inferior to 8 was identified as predictive factor for MVBC success. Besides, the chance of failing was determined as approximately 7.47 times higher in individuals with value superior to 8 (confidence interval 95%, 2.559 to 21.830, p=0.002).
Late
The mean follow-up period for all patients that went through MVBC was 47 ± 36 months. The total of 284 patients (86.06%) who were followed-up, not only in the first clinical consultation, but also at the 30 th day, presented mean follow-up period of 54 ± 34 months (varying from 2 to 126 months).
Restenosis
During the follow-up, 77 (23.3%) patients presented echocardiography criteria for restenosis in a mean period of 62 ± 32 months after MVBC. The mean valvar area and the mitral gradient of these patients were: 1.07 ± 0.19 cm 2 and 9.5 ± 4.1 mmHg, respectively.
Through the multivariate analysis, three variables related to a higher probability of restenosis during procedure were identified (Table 3) . Patients who developed restenosis presented higher intensity of mitral valve calcification (p=0.029), MVA significantly smaller at PRE (p=0.018) and inferior to 2.0 cm 2 at POI (p=0.015).
The multivariate analysis, performed through logistic regression, identified only MVA at PRE and higher valve calcification grade as main predictive factors for restenosis.
Clinical events
Sixty-seven events (20.3%) were observed during followup, with a mean period of 38 ± 26 months after MVBC.
There were 17 death occurrences (4.84%) within 33 ± 19 months after procedure. The causes of obits are presented in Table 4 .
Forty-three patients (13.0%) were submitted to surgical treatment during follow-up. In 18 patients (5.45%) it was necessary to implant cardiac prosthesis 30 ± 28 months after MVBC. Mitral commissurotomy was performed in 23 patients (6.96%) within 48 ± 25 months, and mitral valve plastic surgery in other 2 patients (0.6%) within 6 ± 3 months after MVBC. New mitral valvuloplasty was performed in 7 patients (2.12%) within 64 ± 22 months after the first MVBC.
The probability of survival without events (surgery, valvuloplasty or obit) was 94.99 ± 1.31% within 1 year, 75.14 ± 3.03% within 5 years and 61.44 ± 4,36 within 8 years, as maintaining it till 10 years of follow-up ( Figure  1) . No events occurred after the eighth year of follow-up. Through the multivariate analysis, seven variables related to the probability of events during follow-up were identified ( Table 5 ). The patients who developed any event presented significantly higher mean age (p=0.010), lower MVA at PRE (p=0.009), reduced mobility of cuspids (p=0.021), higher valvar calcification grade (p=0.001) and echocardiograph score superior to 8 (p=0.029) at PRE. At POI, the most elevated mean transvalvar G (p<0.001) and MVA smaller than 2.00 cm 2 (p=0.009) were also predictors of events, and was associated with long-term events rate.
Through the multivariate analysis, the following variables were identified as the most strongly related to the occurrence of long-term events: advanced age, smaller MVA at PRE and higher medium mitral transvalvar G value at POI.
Discussion
In medical literature, studies on evolutional analysis of different periods of MVBC follow-up vary from 1 to 12 (n) Cardiovascular obit 8
Cardiac insufficiency 5
Sudden death 1
Myocardial infarction 1 Vascular brain accident 1
Non-cardiovascular obit 9
Unknown 3
Pulmonary infection 2
Traffic accident 1
Morbid obesity 1
Pulmonary neoplasm 1
Hepatic insufficiency 1 Table 4 -Death causes during follow-up years [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] , however, the studied populations differ in their socioeconomic, ethnic, cultural and aging profiles, besides clinical and echocardiograph characteristics, from those found in our sample. All these particularities stick out the importance of knowing the long-term results of MVBC in the national context, which is represented by scarce but valuable studies 7, 23 .
Mean age of the patients herein presented was 35 ± 13 years old, a value that is intermediate to those of developed countries 24 , where these patients are younger, and to the mean ages of patients from European countries 25, 26 and from the United States of America 8, 27 , which are considered to be more elevated. In North American studies by Palácios et al 27 and Cohen et al 8 , mean ages of patients were 55 and 59 years old, respectively. This observation is justified by the fact that rheumatic disease is endemic and cardiac assault happens more precociously in developed countries.
This paper reports MVBC in a population formed primarily by young women, with valves considered to be ideal for the MVBC proceeding, though some patients with less favorable profile are also presented in our research. The predominance of females (89%) in this study suits other studies 7, 8, [25] [26] [27] [28] .
The mean echocardiograph score in the presented sample was 6.77, and only 14 patients, who had higher risk for surgical treatment, had a value superior to 9. Similar proportions of patients with unfavorable valvar morphology were studied by other authors 7, 27 .
Immediate results
By means of the aforementioned criteria, MVBC was successful in 92.4% of the cases followed by clinical improvement immediately after the procedure and at long term. This success incidence is similar to what was previously reported 11, [29] [30] [31] , although the definition of success may have varied among case reports.
In the present study, the univariate analysis detected the following items as success predictors: age, echocardiograph score, subvalvar thickness and cuspids mobility. The multivariate analysis demonstrated that the most powerful variable was the echocardiograph score inferior to 9. The MVBC results, similarly to those observed in mitral commissurotomy, are directly related to the involvement grade of the valvar system. Though the echocardiography analysis of mitral anatomy by means of score may present certain grade of variability among observers, it has showed to be a sensitive and effective method for quantifying the alterations on the mitral structure. Several studies on MVBC 3, 11, 23, 25, 26 that used the same analysis criteria for valvar morphology have also showed that the echocardiograph score is the most important success predictor. Adverse effects of MVBC were not frequent. We found 14 cases (4.23%) of non-valvar complications (cardiac tamponing and embolism) and 15 cases (4.5%) of MI importance. This incidence of complications is similar to what has been already described by other authors 3, 32 .
Late results

Restenosis
The progression of the valvar lesion in rheumatic disease may result from a subclinical rheumatic activity and/or from the turbulent flux generated in an already deformed valve. Such conditions may contribute to an increase in commissural fusion, thickness and calcification of a previously deformed valve system. They may occur in valves without intervention as much as in valves that previously went through such procedures. Restenosis is an ambiguous term that may include the inadequate result of MVBC, the inaccuracy of MVA determination, the true restenosis and the disease progress. The definition for restenosis is not homogeneous among many studies, as it may be based on clinical aspects, MVA, absolute loss of valvar area, loss percentage or absence of increase in this area. All this variability of factors and employed criteria may justify the great difference of restenosis rate among the various reports, varying from 3 to 70% within a period of 1 to 3 years 33, 34 . Echocardiograph score superior to 8 24, 33, 34 and the presence of calcification 35 before MVBC and reduced MVA 26, 36 after MVBC have already been reported as restenosis predictors in other studies. In this 10-year study, restenosis rate was 23.3% and happened after a mean period of 62 ± 32 months. The importance of restenosis study is based on the fact that this is the more frequent cause for a new intervention. Among the 43 operated patients, restenosis was diagnosed in 26 cases. Our results support the hypothesis that the echocardiograph analysis is essential to determine patients with high probability of developing restenosis at long term and, therefore, is useful to select the best therapeutic option.
Events
The valvar anatomy is an important predictor of dissatisfactory long-term results in patients submitted to surgical treatment for mitral stenosis 37, 38 . From the introduction of MVBC, the echocardiograph score had already been identified as a predictor for immediate and medium-term results 11, 25, 30, 32 . The results herein presented support the hypothesis that a score superior to 8 is strongly related to the occurrence of events in long-term follow-up. Although the majority of patients do not present elevated calcification score (3 or 4), when it was presented, was related to the development of late events. In this analysis, MVA before the procedure was significantly lower in the patients who presented late events. Such finding was reported in other studies 26, 29, 30, 35 and may be associated with the higher restenosis rate in this group of patients. Two other variables related to immediate success of MVBC, the mitral transvalvar gradient and MVA at POI, were also late events predictors. This result in compliance with other authors' report 11, 26, 28, 29 and emphasizes the importance of the immediate result of MVBC in the longterm evolvement. Likewise the present study, age was also described as a predictor factor for late events in other studies 25, [27] [28] [29] 35 .
Therefore, the immediate result is also related to long-term prognostic. The analysis of mitral anatomy is essential to determine the patients who have greater chances of achieving good results with MVBC, for it may predict immediate and long-term results.
Conclusion
The results herein presented provide additional data on evidence that suggest that MVBC is a safe and efficient procedure for the achievement of long-term benefits in patients with symptomatic mitral stenosis. The anatomical condition of mitral valve and the patients' age were potential
